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Abstract

Purpose of Review Herpes simplex virus encephalitis (HSVE)
is often associated with significant morbidity and mortality,
and despite appropriate treatment with antivirals, worsening
of neurological symptoms or relapse occurs in a subset of
patients. Recent data suggests that many relapses are likely
caused by a secondary immune response, with the N-
methyl-D-aspartate receptor (NMDAR) antibody being the
most commonly associated autoantibody. We provide a re-
view of the relevant literature, examining the relationship be-
tween HSVE and development of autoimmunity.

Recent Findings Autoantibodies, including pathogenic
NMDAR antibody, have been demonstrated in the cerebrospi-
nal fluid (CSF) of patients following HSVE. This occurs usu-
ally several weeks following initial HSV infection.

Summary There is growing evidence of a relationship be-
tween HSVE and the subsequent development of NMDAR
encephalitis. Possible mechanisms include molecular mimicry
or an immune response to direct neuronal damage. Future
studies should address if the use of immunotherapy can pre-
vent the development of autoimmunity following HSVE.
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Introduction

Encephalitis is commonly encountered in neurology with sig-
nificant associated morbidity and mortality. Often associated
with viral or autoimmune etiologies, a clear causative agent is
not determined in over half of cases despite extensive evalu-
ation [1+]. Multiple viruses can cause encephalitis, but herpes
simplex virus (HSV) is the most commonly encountered virus
in developed countries. Herpes simplex virus encephalitis
(HSVE) causes a monophasic disease course that most com-
monly presents clinically with fever, altered mental status, and
seizures. Viral encephalitis is a neurological emergency re-
quiring prompt diagnosis via cerebrospinal fluid (CSF)
nucleic acid, serological testing, or antigen detection [2].
CSF examination most often demonstrates a lymphocytic
pleocytosis with a positive HSV—polymerase chain reaction
(PCR) being diagnostic. Magnetic resonance imaging (MRI)
can demonstrate temporal lobe changes [3]. Treatment with
antiviral medication, specifically in the setting of HSVE, has
been demonstrated to improve survival in adults and is there-
fore empirically started prior to diagnosis when viral enceph-
alitis is suspected [2, 4].

Antibodies targeted against specific neural antigens are in-
creasingly recognized as a common etiology of encephalitis.
While autoimmune encephalitis was previously thought to be
a rare entity, evidence from the California Encephalitis Project
has demonstrated that in patients younger than 30 years old, the
frequency of N-methyl-D-aspartate receptor NMDAR) en-
cephalitis exceeds that of viral encephalitis in the USA, empha-
sizing the importance of early consideration of autoimmune
encephalitis to ensure prompt and appropriate diagnosis and
treatment [5]. Beyond just NMDAR encephalitis, other anti-
bodies against cell surface and synaptic antigens are being iden-
tified with increasing frequency, including autoantibodies
against the «-amino-3-hydroxy-5-methyl-4-isoxazol-propionic
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acid receptor (AMPAR), y-amino-butyric acid B-receptor
(GABA-BR), leucine-rich glioma-inactivated 1 (LGI1),
contactin-associated protein-like (CASPR2), metabotropic glu-
tamate receptor 5 (mGIuRY), dipeptidyl-peptidase-like protein-
6 (DPPX), immunoglobulin-like family member 5 (IgLONS),
and glycine receptor (Gly-R) antibodies [6-9]. With the evolv-
ing field of neuroimmunology, new autoantigens continue to be
discovered. In contrast to the classical paraneoplastic neurolog-
ical disorders—which are usually associated with intracellular
antibodies resulting in often irreversible central nervous system
damage—autoimmune encephalitis with antibodies against cell
surface and synaptic antigens are associated with extracellular
epitopes which undergo a reversible disruption of structure or
function which is often responsive to immunotherapy [10, 11].
The clinical syndrome of NMDAR encephalitis is the most
studied and well-characterized, generally with a clearly recog-
nized progression from psychosis and behavioral changes to
seizure and movement disorders and often to autonomic insta-
bility, hypoventilation, and even coma [12]. Cell surface
antibody-associated encephalitis can—but does not always—
demonstrate associated electroencephalogram (EEG) and MRI
changes in the temporal lobes, as well as abnormal CSF studies
with pleocytosis, elevated protein, presence of oligoclonal
bands, and/or demonstration of the associated antineuronal an-
tibody in the CSF [13]. Frequently, EEG does not demonstrate
frank epileptiform discharges and may only demonstrate inter-
mittent rhythmic delta activity and/or slowing of background
activity [13, 14]. Treatment with tumor removal, if present, and
immunotherapy with steroids, intravenous immunoglobulin,
and/or plasmapheresis is effective in a majority of patients.
Second-line immunotherapy with either rituximab and/or cy-
clophosphamide can be effective in those refractory to first-
line therapy [12]. The different neuronal antibodies are predic-
tive of different types and rates of underlying malignancy, and
thus ongoing malignancy screening is often recommended in a
subset of patients, depending on the clinical context.

Differentiating between infectious and autoimmune etiolo-
gies can be challenging; however, there are characteristic clin-
ical and laboratory findings that can help to clarify the diag-
nosis. EEG and MRI can also be useful in elucidating a diag-
nosis, with HSVE more often demonstrating extensive frontal
and/or temporal lobe changes in comparison to NMDAR en-
cephalitis [ 1+, 3].When patients present with more ambiguous
symptoms, however, delay in diagnosis can occur while rely-
ing on time-consuming testing. Additionally, there is likely a
complex relationship between infectious and autoimmune en-
cephalitis, and recently, an association between HSVE and
development of autoimmune encephalitis has been suggested
[15¢]. Here, we provide a review of recent literature which
examines HSVE and its involvement in the development au-
toimmunity, and we also discuss the relationship and possible
mechanisms of autoimmunity following HSVE, and the po-
tential therapeutic implications.
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Clinical Presentation

HSVE typically follows a monophasic course, but relapses
have been reported despite appropriate treatment with acyclo-
vir [16]. Historically, as many as 10-25% of patients experi-
enced recurrence of neurological symptoms [17, 18], but in
most cases of presumed relapse, there has been an inability to
detect replicating virus in brain tissue or viral DNA in the CSF
[17]. Tt has been suggested more recently that a subgroup of
the patients who clinically worsen following treatment for
HSVE may secondarily develop antibodies against
NMDAR, manifesting a distinct, post-infectious autoimmune
encephalitis. This has been demonstrated in patients with post-
HSVE with recurrent symptoms (commonly movement disor-
ders in children and psychiatric symptoms in adults) occurring
about 4 to 6 weeks following HSVE infection, serum, and
CSF studies negative for infectious etiology, new confluent
white matter signal abnormality in repeat imaging, and clinical
improvement after immunotherapy [19¢, 20, 21]. Figure 1
demonstrates MRI findings seen in a 12-month-old girl with
positive NMDAR antibodies in the CSF that developed sev-
eral weeks after acute infectious encephalitis with HSV-1.

The development of NMDAR autoantibodies as well other,
often unclassified, neuronal autoantibodies in the setting of
HSV central nervous infection supports the idea that HSVE
can act as a trigger for autoimmunity [22¢]. Several mecha-
nisms have been suggested which may explain the
parainfectious development of autoantibodies in relation to
HSVE, including molecular mimicry and/or antigen exposure
in a primed milieu secondary to the neuronal tissue damage
and inflammation from the virus [15¢].

Evidence of HSVE-Induced Autoimmunity

The presence of NMDAR antibodies occurring in patients
with HSVE was examined by one study in 2012 using ar-
chived serum and CSF that tested from a total of 44 patients
with HSV-PCR positivity and otherwise clinical presentations
consistent with HSVE [19¢]. The serum and CSF of these
patients were retrospectively analyzed for the presence of neu-
ronal antibodies, with particular attention to NMDAR anti-
bodies—the specific antibody associated with the disorder is
IgG antibodies against the NR1 subunit of the NMDAR [23].
The authors detected a total of 13 out of 44 patients with the
presence of NMDAR antibodies [19¢]. Antibody subclasses
were further divided into five patients with IgG, nine with
IgA, and nine with IgM. All patients with NMDAR antibodies
demonstrated activity at either the NR 1a subunit alone or con-
comitant activity against the NR1a and NR2b subunits, with
identical immunofluorescence patterns demonstrated with
both. All classes of antibodies demonstrated a pathogenic re-
duction in the expression of synapsin, a synaptic marker, in
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Fig. 1 MRI of a 12-month-old girl with post-HSVE NMDAR
encephalitis. a Fluid-attenuated inversion-recovery (FLAIR) sequences
within 48 h of symptom onset of fever and seizures; herpes simplex
virus-1 polymerase chain reaction (HSV-PCR) was positive in the CSF.
There are T2 hyperintensities involving the perirolandic regions (thin
arrows). b, ¢ FLAIR sequences and T2 sequences, respectfully,

hippocampal neuronal cultures, thus suggesting that all the Ig
classes against NMDAR could be pathogenic [19¢]. They
found no difference in the clinical presentation of patients with
NMDAR antibodies in comparison to those without detected
NMDAR antibodies, and while they appropriately concluded
that the presence of NMDAR antibodies alone is not equiva-
lent to NMDAR encephalitis, they clearly demonstrated the
presence of a pathogenic NMDAR antibody targeting the
NRI1a subunit occurring in the setting of HSVE [19¢].

Further evidence of an association between HSVE and the
presence of NMDAR antibodies was demonstrated in 2013 in
a pediatric patient with post-HSVE choreoathetosis who dem-
onstrated serum and CSF NMDAR IgG antibodies and expe-
rienced clinical improvement following immunotherapy [20].
While the synthesis of the NMDAR antibody in relation to the
diagnosis of herpes encephalitis was unclear in this patient as
the samples were examined retrospectively, an analogous ob-
servation of an adult patient demonstrated the absence of
NMDAR antibodies at presentation of HSVE, but subsequent
detection during relapsing relapse of neurologic symptoms in
the absence of HSV nucleic acid detection [24]. These single-
case observations supported the idea that HSVE may contrib-
ute to autoimmunity against synaptic receptors in the setting
of subsequent generation of NMDAR antibodies.

15 weeks after her initial presentation. These sequences show
significant encephalomalacia in the region of the original abnormalities
(thin arrows) as well as confluent white matter signal distinct from the
original lesions have occurred (thick arrows). Additionally, there is global
atrophy noted compared to the original study

In 2014, a study of patients with relapsing post-HSVE at
the University of Barcelona prospectively identified five pa-
tients (four children and one adult) who presented with neu-
rological relapse with positive NMDAR antibodies identified
[15¢]. Relapse occurred at a median of 24 days, with the pe-
diatric patients demonstrating choreoathetosis and mental sta-
tus changes and the adult patient demonstrating abnormal be-
havior and personality. There was no clinical or laboratory
evidence of HSVE recurrence; however, each of the five pa-
tients was found to have NMDAR antibody positivity 3—
5 weeks following initial disease course, which were not pres-
ent during the initial HSVE infection. Apart from one patient
who improved spontaneously, the other four patients experi-
enced improvement after a course of immunotherapy. In ad-
dition, 34 patients with definite or probable HSVE were in-
cluded to determine the frequency of neuronal antibodies after
infection. The authors also retrospectively studied the ar-
chived serum and CSF of 34 patients following HSVE.
Antibodies in the serum and CSF developed in 1/17 and
5/22 patients, respectively, during the first week of HSVE
and developed in 5/13 and 7/12 patients, respectively, follow-
ing HSVE. Of the 12 patients that developed antibodies to
neuronal antigens, two developed NMDAR antibodies, nine
developed antibodies against unknown antigens, and one
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developed antibodies to both the NMDAR and unknown an-
tigens. These retrospective findings suggest that the presence
of autoantibodies increased over time following infection with
HSVE and that the initial HSV infection may lead to release of
multiple antigens which can serve as potential targets for de-
velopment of autoimmunity against various antigenic targets
[15¢]. Thus, supporting the theory that NMDAR antibodies
can develop in association with HSVE.

Possible Mechanisms

There is growing evidence supporting the relationship between
HSVE and the subsequent development of neurologic autoim-
munity, but the mechanism of development of this neuronal au-
toimmunity following HSV infection has not yet been clearly
demonstrated. A candidate mechanism is molecular mimicry—
similar to the commonly proposed theory for cases of autoim-
mune encephalitis that occur without obvious infectious or neo-
plastic trigger. This theory has been historically posited for other
autoimmune neurologic conditions, including immune-mediated
demyelination of peripheral nerves in the setting of
Campylobacter jejuni, as seen in Guillain-Barre syndrome, and
Sydenham chorea secondary to Streptococcus pyogenes infec-
tion [25, 26]. Other viral infections, including the human T cell
lymphotropic virus type 1 (HTLV-1) and Epstein-Barr virus
(EBV), have been implicated as potential generators of autoim-
munity more broadly in central nervous system disease. Support
for the mechanism of the chronic neurological deficits caused by
HTLV-1, for example, is the cross-reaction between the Tax pro-
tein (an oncoprotein causing dysregulation of the cell cycle) on
the virus and the intracellular neuronal protein (neuronal self-
antigen heterogeneous nuclear ribonucleic protein-Al, or
hnRNP-A1), allowing for antibody-mediated glial damage [27].
Evidence of cross-reactivity between EBV and myelin basic pro-
tein as a possible mechanism for the central nervous system
demyelination occurring in multiple sclerosis has long been stud-
ied as a potential mechanism whereby viral infection can possi-
bly lead to neurological disease via molecular mimicry [28].
While it is plausible to suggest a similar cross-reactivity with
the HSV leading to the development of NMDAR antibodies,
no epitope on the virus has been identified as a possible culprit.
Furthermore, the discovery of multiple autoantibodies in relation
to HSVE argues that molecular mimicry alone does not suffice as
a mechanism explaining entire immunological response occur-
ring following HSVE [15¢].

Another mechanism could involve the sequelae of a robust
immune system response to the damage from the HSV infection,
leading to the development of autoimmunity against the other-
wise normally unexposed neuronal antigens. The concomitant
presence of antibodies targeting neuronal antigens and the pres-
ence of the herpes virus is not isolated to the HSV, but has also
been demonstrated with EBV, varicella zoster virus (VZV), and
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human herpesvirus 6 (HHV-6) [22¢]. Additionally, the develop-
ment of relapsing symptoms like that observed with NMDAR
encephalitis has been demonstrated in patients with VZV [29,
30]. This suggests that the immune response leading to the de-
velopment of NMDAR autoantibodies and subsequent develop-
ment of NMDAR encephalitis is not due to the presence of the
HSV specifically, but rather the immune response and develop-
ment of synaptic autoimmunity may be secondary to the inflam-
mation and neuronal tissue damage. This is further evidenced by
the demonstration of autoantibodies against other neuronal anti-
gens—not exclusively against NMDAR—following HSVE
[15¢]. With HSVE often affecting limbic structures, which have
a rich expression of NMDA receptors, it is possible that the
inflammation and damage leading to subsequent release of oth-
erwise immune privileged NMDAR and other neuronal antigens
can induce a broad autoimmune response to these potential epi-
topes. This anatomic affinity of HSV may also explain why
similar development of NMDAR encephalitis has not been doc-
umented following other neurological diseases, such as stroke or
bacterial meningitis, where there is neuronal damage but involve-
ment of the limbic system is uncommon.

Treatment

No data exists on the prevention of development of NMDAR
encephalitis following HSVE, but as understanding for the
underlying process advances, opportunity arises for potential
therapy. The benefit of immunotherapy in patients who have
developed NMDAR encephalitis following HSVE has been
reported with both first-line treatment with corticosteroids,
intravenous immunoglobulin, or plasmapheresis and second-
line therapy with rituximab or cyclophosphamide in those
refractory to first-line therapies [15¢, 20]. While the benefit
of immunotherapy with corticosteroids in HSVE has been
documented [31-33], there have been no large-scale prospec-
tive clinical trials (a planned trial in Europe failed to enroll
enough patients). One retrospective study of 45 patients with
HSVE found an association between poor outcome and those
who did not receive corticosteroids [32]. Furthermore, the use
of corticosteroids in patients with active HSVE has been
shown to be clinically safe and does not increase overall viral
load in smaller studies [33]. Improved outcomes with delayed
administration of corticosteroids once patients are appropri-
ately treated with acyclovir are attributed to an overall reduc-
tion of the inflammatory response and reduced brain edema.
Studies examining the role of reduced secondary autoimmu-
nity with concomitant used of steroids are lacking. It may be
reasonable to consider corticosteroids as a possible preventive
strategy in susceptible patients targeting the inflammatory en-
vironment permissive to the development of autoantibodies
against neuronal tissue, but controlled-clinical trials are need-
ed to study this further.
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Conclusion

HSVE is often a monophasic disease, although rarely, relaps-
ing disease can occur. Recent evidence demonstrates that
many relapsing presentations that occur in patients whom re-
ceived an appropriate course of antiviral therapy at the time of
initial presentation have disease relapse due to the subsequent
development of NMDAR autoantibodies leading to NMDAR
encephalitis rather than an ongoing viral infection. Potential
mechanisms for the development of post-HSVE autoimmune
encephalitis include molecular mimicry or an immune re-
sponse to unmasked antigen in the context of infection-
induced cellular damage. Future studies are needed to address
the possibility of shared epitopes between HSV and NMDAR,
as well characterization of the immune and inflammatory en-
vironment within the HSV-infected microenvironment of the
limbic system. A clinical trial of corticosteroid during the
initial HSVE course for prevention of secondary development
of NMDAR encephalitis would also be informative.
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